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Epidermolysis buIJosa acquisita (EBA) is an acquired 
blistering skin disease characterized by the presence 
of IgG autoantibodies to type VII collagen. EBA 
a utoantibodies recognize four major inlmunodomi-
nant e pitopes localized within the aluino-terminal, 
noncollagenou s (Ne1) domain. In this study, we de-
ve loped a rapid, quantitative enzyme-linked immu-
nosorbent assay (ELISA) to detect autoantibody ac-
tiv ity against the complete Ne1 domain of type VII 
collagen with the use of an eukaryotic-expressed, 
recombinant human Ne1 antigen. With the ELISA, 
we tested serun1 from patients with EBA (n = 24), 
bullous systemic lupus erythematosus (BSLE) (n = 3), 
bullous pemphigoid (n = 16), pemphigus (n = 11), 
E pidernlO lys is bull osa acqui sita (E13A) is a ll acquired sube pide rmal hli ste rill g di sease of th e skin chara cte r-ized by au to iJ11mulli ty to type VII colla ge n (Woodl ey c( (/1. I 'JR4. 1 9~8. If)9 1). Type VII co ll age n. the m aj o r co m poll ellt of a ll c h o rin g fi bril s, is co mposed o f three 
id e nti ca l O'- c ha ill s (S aka i (.( II I. I lJX(i; « een e c ( (/1, 1lJ87) . Eac h 
O'-c h aill cOll sists o f a central co lla ge n o us d o main Hanke d b y a 
14 S-kD a Il o ll co lla gen o u s amill o -I'e rmillal d OJllaill (N C I) and a 
31l-k I) " ca rboxyl-termin a l d o main (NC2) (Llln strul11 ci III. 1986 . 
19H7) . 
T h e di agn os is of Ell A is b ased o n th e fo ll owin g c rite ri a: (i ) 
c lini ca l manifesta ti o ns o f an ani ve . c hro ni c. l11 ec han o bull o ll s di s-
o rde r w ith sube pide rm a l hli ste rs. as assessed b y ro utine li g ht 
mi croscopy o f lesio na l skin ; (ii) the d e mons tration o f IgG d e posits 
w ithill t he suhlal1lin a d e n sa zOll e of th e d e rmal-e pide rm al junctio n 
h y d irec t iml11un oe lectroll microscop y (Yao ita c/ (/ 1. / 98 1) o r th e 
de m o nstra ti o n th at Se rLll11 au toalltibodies lahel th e suhlamina d e n s" 
zOll e b y indirect immulloe lectron mi croscop y ( I EM) ( W oodl ey ef 
111, 1984): (iii) th e de m o nstra ti o n o f autoa ntibo di es to ty p e VII 
co lla ge n in pal'ienf s se rum b y illll11Ull Obl o t amli ysi s (W oodley ('f (/1 . 
1984 . I CJ H8); o r (iv) th e d e l11 o nstra t io n b y direct illlll1ullo Hu o res-
ccnce th at th e ;/1 S ;//I IgG d e p os its w irhin th e base ll1 e n t l11embran e 
zon e re m ain with th e d e rm ;1i ~ id e of rlw pati e n t's sa lt-se pnrate d skin 
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Ahbrcviari o l1 S: NC I. 14 ~-k J) : 1 11 (1 l1 co llagc l1 o us dO I11l1il1 of' rype V II 
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and normal controls (n = 12). All EBA and BSLE 
SerUlTI, including four se ra that were negative b y 
indirect iITI1TIUnofiuorescence, denlonstrated reactiv-
ity with immobilized Ne1 in the ELISA. In c ontrast, 
none of the sera from healthy c ontrol subjects o r 
patients with unrelated blistering skin diseases re-
acted with Ne1. The EBA sera also reacted with 
recombinant Ne1 by imml1noblot analysis but with 
less sensitivity. Thus, the newly deve loped ELISA 
using recombinant Ne1 is a sensitive, specific a ss ay 
and a useful tool for rapidly screening EBA and BSLE 
serum. Key words: bill/OilS disease/alltoillllllll"it),/wIIIIl'Ctille 
tisslle/i 111111 II lIod iagllosis//laselllellt lIIembra IIe/a IICllOI'i ".!! ji /".i/s . 
] fllllest Damato/ 108:68-72, 1997 
(G nmm o n f( ai , "l lJ 9() : W u c pl'e r , 19 C)() ; G allllll O)) c'l (/ 1. I ()92 ) o r th at 
serUIll auto antiho di es lab e l th e dermal sid e of sa lt-spli t skill sub-
strate b y indirect iml1lun o Au o rescen ce ( II F) (Woodl ey ('( nl. I C)H3a; 
G ammo n 1'1 (/1. I ()H4, I lJH'i a). 
Lapie re (.( " I (1 993) id e mifi ed fo ur J.lred o minan t an t ige n ic 
e pi top es . all w ithin th e N C I d o main of the (' ype V II co llage n. for 
auto antibo di es in th e se rum of pati e l1ts wi th EllA and bull o us 
sys te mi c lupu~ e ryth e matos us (D S LE) . T h e purpose o f thi s srud y 
w as to d e ve lo p an e n zym e-link e d imll1un osorhe nt assay ( ELI SA) 
tha t d e tects au toamibo di es in th e se rum of - Ll A and Ll SLE pari e m s 
w ith hi g h se n siti vity ;ll1d specifi c ity u sin f'; reco mbinant hum an N C I 
d o main o f typ e VII co llagen purifi ed f:;'om stably t ran sfecred 293 
cells. I T h e ne w ELI S A has seve ra l ad vant;lgcs o ve r th e con ve n-
t ional dia g n os ti c m e rhod s outi"in eci above and prov ides :1 rapid and 
se n sitive dia gnosti c m e th o d hy whi c h to d etect :md qu :mtitatc 
au toa n t ibo di es to type VII l·o lla gen . 
MATERI ALS AN !) METH O J)S 
Patients and Serun1 Sl' rlllll S: lIlIpl e .. were co ll ected li-(,l lli 2 ~1 pa tie ll ts 
with EllA . Th ese pati en ts "II h"d (i) "" "n ivl'. l'i,ro lli c. l11 ech,," ohullollS 
eliso rd e r : (ii ) slIh c pi ci..: rnl .d bli ste rs as a!"sc.;scd b y rOli rill L' li g ht 1l1i c ro,\cnp y of 
Ics io llal skill ; (iii ) IgG d epos its d Cl L'l' rc d a l" th e d Cl"llIal -L' l'ili c rJll a ljul1 <.:rio ll by 
ro utinc direc t ill1l11llll0H II OreSCe l1 Cl'; (iv) IgG dc posi ts locali zed [() the 
dc nua) 1 00 1' of I'h e pa tiellt" s skill whe ll th e d Crlllal -cpitier l1laJ j Ullc li o ll \Vas 
" 'acrurcd th ro ugh Ihe lal11ill" lu cid" b y fre:1 l1n el1l wi th I M N"CI (\X'<l lldi cy 
c·/ ,d. I C)H.1a: Ca ll1l,, o ll ,.( ,d I ~)C) II ): a"d (v) IgG dcpm its de lected wirhil1 rhl' 
sub-lalll ina d e ll sil reg io ll n f (' h e d Crlllai -L'p ich:rlllal j llll ct io ll lI s ill h dirl.'c r 
illlt11l1l1 ocleClro l1 microscopy (Y;to ita ('/ " I, I c):-; I). 
BCC<llI !"C ,\e rUIIl (i'o m p:uic llt ... w ith BSLE hn s h ee ll sh oWJl 1'0 h n\'l' 
~llI t():1 lltihodic'\ III typ e VII coll,, !-!c lI (Gn llllll o ll ('I (I/, I ()X5h ). $e rLl111 li'Otll 
three BSLE pati cl1ts was also tes tcd. COIII..-oi Sl' rUII1 " 11111'1"5 we re co ll ccred 
fro l1t 12 n o rm a l indi v idu a ls (N H S) all d 27 P ;l tiC l1t S w h o h ad clil1i c~d . 
hi sto logic. alld iJlll11l1ll o AlI O n.!S Cc IH: e filldill ~s CO ll li i s t (, lI t w ith tlt e di a~ll llsi s 
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o f hulloll ' pell,!,higu id (BP) o r I'cllll'hig llS vIllga ris ( P). Pali e '" and llorIl,al 
Ii Crtll1l was \lun,d rrozc lI ill" - 20 vC prinr [0 a llal ys is. 
Inll11Unoftuorcsccncc Iillillullo labding ofri !l:S lH.::S u ~ i ll g paricl1r ;'I ll d lI()r-
Illal IHlIl1i11l ,\c rUIIl WilS pcrforllH.: d lI si li g standard illllllllIH1Atl o rescL'll cL' 
l"l L' ril o d~ 0 11 \'ariOllS \ lIh Srral CS includill g- 111 0 nkcy csol'h:l~u s . 11 0 rtll<11 illllll;tll 
ski n , and ,a ir-s plit ituillan skill suh!'lt ra( c as dc scribcd pn: ri o ll sly (G;1I11111011 
<'I al. I 'J t; ·I. 19<)11) . 
Preparation of ll..ccoillbinant Prot.eins A eDNA Ulll Strll c r encodi ng 
ch e emirc NC I dOlllaill ofrypc V II co ll agell ill a p"' sillid pltC/CMV was 
u ')cd to produl."l: stahle NC I-expressed CL' II clones h y trilll stcc li.ll g: it illl O 
humall 2'1:\ cel"- T hl' 1~ 5-kDa NC I dOlllaill of Iype V II collagell was 
secre ted inro .\l' rllill -fn:c c ulture I11L'dill111 all i puriticci as d escribed . I 
ELISA Using Recombinant NCI Microricer places ('J6-wdl, hl1lllu-
10 11--1. D ), lIatr h Laho ral'o r), 111 1' .. A lexandria . VA) were coa led wirh puriti ed 
rct"o1l1bil1 ;1I1l NCI <It ;1 l'OIl CC l1rratioll oj" I .:; Mg ~L'r nil (0.1 S I.lg per we ll ) ill 
20 111M carbolla tc hllll'e r. pH <).3. 0\'e rni g l1l at ~ o C. Tlte plates wc re waslted 
three ti ll1 es witlt 211 111M pltospllate . 1'1-1 7. -1. I SI) 111M NaC I cOlltaillillg 
0.05'Y" Tweell-211 (PBST) . NOII,pec iti c billdillg was re dllced h y bloc kill g the 
p lare s wirh PI3ST cll llra illil1g I I!!:, h ovillL' Sc rUlll alhulllin (USA) ar rnOll1 
rC I11pCrarlire for 2 h . C o;!t"l'd we ll s werc s uhse lju e lltl y ill cuh;n cd w irh 
pati e ills ' se rllill (d illili oll li'OIII I : 1.2SI1 10 I : I (I ill I'UST w ith I % USA) al' 
1'00111 tClllpcr:ulIrc 1'01' 2 h. \X/ e ll s Wl' r L' wa shed dllTL' rillh.!s :lIHl ill c uhateci 
with alka lill L' pil o:\ phar;IM.'-co llju g:lI ed goa t allri-hLllllilll Ig (() rga Il DIl 
Tck llika-C appe l. J)urlt:lIl1. NC) dilllied ill PllST with I'Y" 13SA (I: 1.111)(1) j(,r 
I h. T he plates wne thell washed with P135T thrce times. alld 1'-
lIitrophe ll ylpltmpit ate (U iu-Rad . Me lvi lle . NY) sllbst ratc was added a lld 
a ll owed In rean 1'0 1' -I-H lIIill . O ptica l dell sity (0 1)) was lI1 eas lII'ed h y 
abso rball ce :11 ·III S 11111 ( lliu-Tek I 11 .<1 I'llill e lits . \Xl illoos"i. VT) as d escribed 
p rev iu lI , l)' (\Xfoodle y "1 "I . I ')HJh). 
Immunoblotting of Recombinant NCI Protein or Type VII Colla-
gen from WISH Ce ll s A ll a l),tica l alllOllllts 0 1' type V II co llage ll ha ve 
been o lJla ill ed li'o llll'u lltiirioll c d Ill edi lllll o l"all inllllor(;lii z cd human :llll lli oll 
e pith e lial ce ll lill e. \ Xl IS I-1 (Fug h all d Lli li g . 1957 : LIIII S[rlllll .. , ti l . 1')87). 
Eit her puril-ied reco lllhiliallr NC I pl'IlIl'i ll ( 1110 II g per we ll ) or C elll'ricoll 
I (J(j-co ll celllr: lI ed ,'o lldili o lled Ill ediu llI (i-O lll \ Xl IS H ce ll s (SO- IO O/.Lg per 
we ll ) were rUIl 011 :I (I 'x, ~ ()diUl\l dodl'cyl :\ ldJ ;ll e-pu lyac ryla lllide ge l c1 ec tro-
p h o n .:s is . thell cI ' c trntran sfL'lTcd to a lIitrocc llulose 1I1 L' llIbranc. C ur strips of 
rh e nitroce llulosc \n; re blocked t(H 10 llIill al 1'00 111 tL' llIjlL' r;lI"UrL' with I n'x. 
n o n fal dry llIilk or ,,,,e l'lli g ht :11 ·loC with 3% USA in 311 111M Tris(h)'-
dro xY lll e th yl)a llliJlOlll e thall e- H C I. pH 7. -1. 130 mM NaC I. (1.1 'Y,o T",eell-2ll 
(TTll5 ). Afte !' ",a shill g wilh TT llS hulle r. Ihl' strips wen' in c llbated fo r I h 
a t r oo lll t"ell l per:ltllrL' w ith illdi v idual pali clH i1llti :\crulll o r cO lltrol anti se rllm 
diluted in TTll5 w ith 1% llSA ( I :2111 1 ro I :511) . The sO'ips were chell washed 
;lli before w ith T"'TUS thrce til1l es . T he illlllllllloretlc ri vity was detec ted wirh 
il h o rseradish pe ri ox iciase-co llju g:lI L'd goat :lnri- illl1ll al1 IgG (Org anol1 
Tekllika-Ca ppd) di lill ed ill TTllS ", ilh 1% llSA (I :5.0IHI) for 211 mill at 
r00 l11 rClll peratllf"l' alld CllhaTl l'cd Ch Clllill1Illinescc ll ce (E L. AlllCrsha1l1, 
llu c ki ll g hal'll shire. UK) . 
H.ES UL TS 
T h e puri~led reco lllhill alH N C I d o main of ry pt: V II co ll agell 
synth es izt: d b y s rabl y tran s fecred 1')3 ce ll s was ill1ll1obli z t:d on 
microtiter plates ,m d probed with se rum fi'oll1 E UA. USL E. I3P. and 
P patie nts or Il o rmal Illlln ,, " suhje c t s (NHS). Uoulld autoantibody 
was dett: c ted with :l a lka lill e p h osp h atast:-conju gatc d goat-anri-
human IgG anrihody. T he r es ults of thi s a ll alysis arc shown in Fig 
1 a s a scattt: r plot. Ti,t: r t:s ults 6 '0 111 ne ga ri\'e comro l st: rul11 (12 
NHS, 16 UP, alld I I P) \I 't:re alla lyzed to se t all appropriate 
thresh o ld for thi s as sa y. A ll rht: co ntro l se rum sh owed ve r y low 
r eactiv ity in rhe E LI SA w it h va lli cs less than 11.'15 OD. We set 0 .2 
OD a s rh e thrt:s h o ld t,)I' t h e ELISA (lI"r; ;::ll fl{al Ii"" in F ig 1). In 
contrast to t he colltro ls . sera fr0111 24 EI3A patients ex hibite d 
r cac ti v ity with t h e recomhi ll :lnt N C l ill t h e ELISA w ith OD v'l lu es 
rangin g fl'o m ().3 to 2 . In add it io n. t hree I3SL E Sera a lso reacted 
w i t h rh e N C I . con sistent with previous studies sh ow in g t h at I3SLE 
se rum contains auroamibodies to N C I (Gamm OIl "/ til . 1985 b). To 
dete rmin e assa), reproducibili ty . se ra fi'o l11 four E I3A. two BP. and 
twO N H S wert: a ssayed o n .j ditf,'rt: n t days. As sh o wn ill Table I, 
I C h e ll M . 'Toole EA . C oi XY . 1-111 L1<'. \Xl oodl e)' DT: C haracteriza-
tiO Il o f structure and fun ction 0 1' rcconlhin :utt e ukaryoric ry pe VII collagen 
(NC l d Oln ail1). J 1111'''.,·( D"m/",,,I I 0 5:H7 11. 1')<)5 (a hst r .) 
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Figure I . Scatter plot represcntarion of ELISA rcsults using re-
cOlllbina nt NC I . Pa ri e llt ann c OIHrul .)c ra (;15 ind icarcd alo llg rile "11/";: 4111111 
ax;s) (I :2ll l1 di lu rion) We rl' incuba lcd wirh illilno hili zed purifi ed recomhi-
1l:Jlll NCI dOlllaill of typc V II cn ll :q;cn . alld [ile h Ollnd :lllrihodic :\ were 
dere c ted with :Ill alkalinl' pilo :-. phat:tse-colljll ga ll' d alltihod y against lllllll<ln 
IgG w il o le Illolccull' . Eac h \:l ll1pk W;l S rUIl ill trip li c ilt"c and t lw poiTlrs 
p lol"red Oil Ih is ~raph n:pn:!'Il' 1l1 d w ;J\'L'r:l !;C or t.ill' () )) '11 6 o bt ai n e d IrOll1 
Hud y :-.e rlllli. S illlilar rcslllt ~ were niH :l ill L"d in three odll' r ind e pende llt 
studi e s . 
t h e re was less rhan 8'Y" SI) [,cl\v t:e n thl' .j rcsr da ys lor all e ig ht se ra . 
In order to determine wht:rh e r th e ~I v t: E I3 A Sera and o n t: I3SL E 
seru lll that h ad weak rea ct i\ ' ity undt:r st: n1m dilution I :200 in rh e 
E LISA (OJ) = n.3-() .5) contained auco:1nrihodies for N ' 1. w e 
pertonned a Serum di lu t io n titer study (Fig 2). Five E UA and o nc 
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Table L Reproducibility of ELISA" 
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O.1I9X 
11.11 H 
Meall + SI) 
().57 1 ::!: II.IJ.)~ 
1. 3-11l :!. 1l .1I7H 
1.1i~ 5 _ 0 .117') 
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[able i:-. (1) -111 5 \\bl.tilll..,d ti'OI Il ITipli c;nc ",db (Ill thv ,alll\.' d ay, E:ICh da y o ll e ELl S. 
pkitc \\";IS u ),l'd. htlt 011 e ac h dilii...'rclH d;J )' . a lI ew t.iilh~ rcllt ELI SA pl<l (l' W :J :<I lI~cd . " [\11. ': :111 
+ 5D" rcprc~I..' llI '" Illca ll illld siandani dl.'\·i:ll ion calnd :Hcd li'olll {<Hlr tlitfi.'rl.' l lI day' . 
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F igure 2. T ite r- dep endent specific reac ti vity of EllA autoantibod-
ies to immobilized NCt. ELI SA plate immobili zed with eqllal amOlln t of 
rccorn b inan t NC I was incubated w ith in creas ing co nce n tratio ns of five 
EI:lA and one BSLE patient serulll (e ) or six control se rums (three I3 P alld 
three NHS) (.A.). Each data point is an ave rage of two independent 
o bse rvatio ns. 
decreased from 1:1250 to 1: 10. In co ntras t to this dilu tio n-
dependen t reactiv ity for NCI, seru m fro m three NHS and three BP 
patie n ts di d n o t show altel'ed reactivity at diffe ren t d iluti ons in th e 
ELI SA : T hll s, thi s tite r-d epe ndenr inte rac tio n o f N C 1 with EBA 
se rum dem o nstrates the abili ty o f the ELI SA to detect EBA Serum 
with low tite r autoan tibo dies. 
In orde r to asseSS w he ther ELISA w as m o re sensiti ve than 
trad itio nal m etho ds ( II F and imlllu no biot analys is), 24 EBA and 
th ree USLE se ra were subj ected to II F. As shown in T able II , all 27 
sera ( IOO'X,) were positive at a 1 :200 serum dilu tion by E LISA . In 
con trast, o nl y 16 of 27 sera (600,;',) we re positi ve by "F at the same 
se rUIll d ilu tio n. Wh en the serum diluti o n w as decreased to 1:10,21 
of the 27 sera (78%) we re posi ti ve by II F. T hose EBA serums th a t 
we re negative by II F a t a dilutio n of 1 :1 0 we re those w ith low OD 
va lu es in the ELI SA. T hi s d em onstrates that the new ELI SA is Ill o re 
sensitive than II F and ca n detect serulll tha t would o the rw ise be 
considered nega ti ve by tradi tio n al method s. . 
T he EBA se rum wa s hlrth er anal yzed by il11lllun o bl o ttlllg fo r 
type V II collagen reactivity usin g ty pe VII collagen o bta in ed fi'om 
con d itio ned Ill edi um of W ISH ce lls as deSCribed preVIOusly 
(Wood ley c( nl, 1988) . A representative blot is shown in Fig 3. EB A 
sera th at were positive in the ELI SA at hi gh 00 also recoglllzed the 
290-kDa type VII colla gen a - chain (lan es 2, 3, and 4). Certa in EI3A 
se ra. however, such as those in lanes 5 and 7-9, d id not labe l the 
2C)()-kDa pmte in , pro babl y beca use o fl ow am o un ts of auto an ti bo d-
ies and limi ted am o un ts of290-kDa an tigen in the medium re lative 
to othe r protein s. W hen recombinant NC1 proteins were used 
in stea d of the W ISH ce ll prote in s in the immun o blotting ex pe ri-
men ts, as sho wn in F ig 4A , th e 145- k Da recombinant N C 1 pm tein 
was recogni zed by 19 EI3 A sera and tw o BSLE se ra but· no t Bf> o r 
no rl11 a l SerUIll a t the sa me I :2 ()() dilutio ll . W hen the se ru m dilu tio n 
Table II. C ompa ri son of E BA a nd BSLE Serum Results 
Obta ine d by Nel-E LISA and IIF ___ _ _ 
II F Analys is 
ELI SA 
Pos it ivl' Negat ive 
27 () 
Sa lt-Spli'· HU11lall 
Skin" 
Pos itive N cgativL' 
Monk ey Esophagus" 






.• Indica te ... if F "l:a illil1 ~ u rl lie sa ll -o.; pl illHl lllan ..; ki ll 0 11 th e ocrlll a l side nrhaSL' IIICnl 
1l1Clll hr:l11 c z Oll e lIsill~ piitic l1l seru lIl ( 1: I (I d il ution ) _ 
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F igure 3. Immulloblot of typ e vn collagell from WISH cell con-
ditioned medium with represcntative EllA scrum. Concentrated 
conditioned mcdiul11 1]-0111 W ISH cells (1 00 /log per we ll ) was subjected co 
6'1., sodium dodccyl slIl f;,te-polyacrylamide gel elenrophorcs is and trans-
fe rred to a ni trocellulose membrane. before in cuba tion with EUA scrum 
CI :200) and horseradish perox idase-conjugated an ti-hull1an IgG to llowed 
by EC l de tection. L"I/l' I . NHS; I,,/Ii's 2-9, EBA serum; I,," e 10, LH 7.2. a 
ll1olloci onal antibody co NC I. T he position of 290-kDa ty pe V II co llagen is 
in dica ted. 
was decreased to I :50, three additio nal EBA sera and o ne m o re 
BSLE serum that had lo w tite r by ELISA (as shown in Fig 2) also 
demon strated wea k reac ti vity to recombin an t N C I pro te in (Fig 
4B) , bu t tw o EBA sera were still negative . Ta ken together. th ese 
data show co rre lati o n betw een th e res ul ts o f ELJ SA and immun o-
blo t an alysis. O nly two o f 27 (7%) ELI SA-positive sera sho w ed n o 
reactivity by immun oblot anal ys is. 
T he sensi tivity of the ELI SA was compared with iml11un o blot 
analys is using the same serum dilu tio n CI :200). As shown in Table 
III, six of the 27 ELI SA-positive se ra (25%) d id no t react with th e 
recombinant N C 1 by imlllun o bi o t an alys is. Furth erm o re, 10 o f th e 
27 E LISA-pos itive sera (38%) were negati ve on illlmun o bi o t anal-
ys is when the WI SH cell protein s were used . T hu s, the E LI SA is 
m o re sensitive than immuno blot analys is in de tectin g type VII 
coll agen au toa n tibodi es in EBA serulll. 
T he se nsitivity of the i111mull o bl o t analys is usin g WI SH cell 
prote ins was also compared to the use of recombin ant N C 'I using 
less dilu ted serum (1 :5() rather than 1 :200 to all o w maxim al 
de tec ti o n). As sho wn in Table III, o nl y 17 o f 27 sera (63%) we re 
positi ve aga inst the WISH ce ll pro te ins. In con trast, 25 of the 27 
se ra (93%) were positi ve \V hen recombinant N C l was used . Thus. 
recombin an t NC I is m o re se nsitive than W ISH cell pro te ins in 
immuno blot anal ys is fo r detecting type VII collage n autoan tibo dies 
in EB A se rum , probabl y beca use the ratio o f an tigeni c signal to 
backgro und is m o re fa vo rabl e. 
D ISC USS IO N 
In thjs stud y, we d evelo ped a spec ifi c, sensitive ELISA to detect 
au toan tibo di es circula tin g in the se rum of EBA and J3SLE pa ti en ts 
usin g th e recombinant N C l dom ain of th e type VII co lla gen 
expressed in hum an 293 ce lls. Se rum fro m 24 EBA patients an d 
three 13SLE pa tients showed reac ti vity in th e E LI SA . A large 
number o f contro l serums (includ ing BP, p, and NH S) were also 
examin ed and showed no reac ti vity . 
T h ere is a good corre latio n betw een the ELI SA assay and 
im1l1unoblot an alys is using recombinant N C l pro te iJ1 fo r de tecting 
anti-N C l activity in EBA serum. T h e pati ents with hi gh 0 0 valu es 
in E LIS A de m o nstrated inte nse labe lin g o f type VII collagen by 
immllno blot anal ys is. Two of the 24 EBA serums d etected as 
positi ve ill th e ELISA, bu t wi th low tite rs (see the titra tion plo t in 
F ig 2) , showed no N C l labe ling by immuno bl ot. These discrep-
an cies ma y be accounted fo r b y the fo llow in g: the ELISA is m ore 
sensitive tha ll immull o blot fo r de tecting auto antibo dies to type VII 
co llage n (sec Table III) ; an d the E13A serum autoa n tibo dies m ay 
o nl y recogni ze a cOll fo rrnat io n-dependell t epi tope tha t can be 
detected by E LI SA, w hic h uses n o nden<l tured , no nreduced pro-
te in s, bu t no t w irh illllllun o biot analys is, w hi ch u ses denarured and 
redu ced pro te in targe ts. 
A cOl11parison of th e ELI SA and II F usin g e ithe r human sal t- spli t 
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Figure 4. Immunoblot of the recombinant NCt proteins b y EBA and control se rum. Puritl cd recombin ant NC1 ( 100 ng per we ll ) protein \ as 
separated on 6% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to nitrocellulose membranes before in cubation with se rum at a 
dilution of 1 :200 (A) or 1 :50 (B) and horseradish peroxidase- conjuga ted anti-human IgG (I :5000) fo llowed by ECL detection . LI-I 7.2 . a monoclonal antibody 
aga inst NC 1. The loca tion of 145 kDa recombinant NC I is indicated. 
skin or monkey esoph agus as substra te showed a good corre lation 
between these two assays in detecting anti-NC l activity in patient 
serum. The ELISA was m ore sensitive than II F, however , iJ1 
detecting low titer EBA serum (Table II) . Furthermore. indirect 
and direct IF testing on salt-split human skin is limited because th e 
dermal side stainin g is not specific for EBA. T hi s IF patte rn m ay 
occur in o ther bullo us diseases such as BSLE (Gammon cf nl. 
1985b), a subset o f cicatricia l pemphigoid pati ents w ho ma y look 
identical to EBA (Domloge-Hultsch cl ai, 1992) . and a ne wl y 
recognized bull o us disease described by C han pI al (1993). 
EBA is an au toa n tibo dy-mediated autoiml1l une d isease in whidt 
the au toantibo di es are directed against the N C 1 domain of type VII 
co lla gen. The ELISA procedure rep orted he re provides a co n ve-
nient and sensiti ve m eans by which autoantibodies to eype VII 
collagen can be detec ted . T h e ELI SA will all o w us to determine 
w hether autoantibody levels con'e late w ith the severity of d isease. 
In fact, we h ave perfo rmed such a stud y on o ne EBA pati en t and 
have demonstrated that the tite rs of the patient's anti-type VII 
collagen (N C 1) allto:tntibodies by ELI SA correlated with disease 
activity (unpublished o bservation) . Such an appro ach sho uld pro-
vide furth er insigh t in to the pathogeni c relevance of this anti gen / 
antibody system. 
In contra st to othe r techniques, such as I EM. II F. and il11mun o-
b lot analysis, the N C I-based ELlSA has severa l advantages as a 
screening assay: (i) It is f;lster and 1110 re e ffi c ie nt than IEM. II F. and 
immunoblot an alys is and req uires o nl y 10-20 ILl of serum . By 
storing batches of N C I-coated plates at - 7()OC and using them as 
need ed , th e ELISA has an assay tim e of less than 4 h . (ii ) It is easy 
to perform w ith a standardi zed technique. T he cO l1lplete reacti on 
ca n be carried o ut in mi crotiter wells and a spectrophotometer 
reader all ows quantitati ve measurem ent. (iii) It is m o re sensiti ve 
than th e conventional IEM o r II F methods. whi ch m akes it ve ry 
u efu l fo r detectin g low titer EBA sera. Il11l11uno blot d e tec tion 
Table III. Comparison o f EBA and BSLE Sera Results 
Obtained by NC 1-ELISA and Immulloblot Analysis 
Inllnull oblot Anal ysis 
ll..ecombil1allt NCl " W ISH Protc.ill '/' 
Pos it ive N egati ve Positive Ncgari vl' 
ELI SA (positive 27) 21 6 17 III 
? C, -~ 2'· 17' 10' 
" IJldi cOI tcs rC ih.: tiviry of p :lIic l1t se rUI1I ( 1 :2 0() o r ' ( I :50) wil h (Ii..: rC l ' t Hllhi1l ;lll i 1·15 
kDa-NC I. 
It In dica les rC;lctivil )' of p:llic n r serullI ( 1:200) o r ' ( 1: 50) wir h 2')O-k Da- ( ~v t.! V II 
CO Il :lgCIl . 
using type Vll collagen extracted fi 'om sk in cell s o r fro m condi-
tioned medium of WISH cell s is very diffi cult because of en orm ous 
background when dea ling with low tite r sera. (iv) By usin g a 
standard am o un t ofNCl to coa t the we lls, o ne ca n eas ily qua ntitate 
th e anti-N C I autoan tibodies. (v) W hile other m ethods (II F. IEM, 
iml11uno blot) arc qualitative. the ELISA provides an OD number 
for direct comparisons of serut11 . and (v i) T he ELI SA detects 
autoantibodi es that recogni ze the terti ary ;I!ld quaterna ry structure 
of anti gen (con form ationa l epitope) . beca use the assay is pe rform ed 
under native conditi on s. In contrast. iml11 unoblot ana lys is wo ul d 
no t detect autoan tibodies req uirin g a te rtiary or quaterna ry struc-
ture of the anti gen because the procedure req uires de natll rati o n of 
protein. 
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